Neopterin is a sensitive marker of the activated cellular (= Thl-type) immune response. Neopterin concentrations in healthy children are higher compared with those of adults and are declining with increasing age. In this study, we present a follow-up of urinary neopterin to creatinine concentrations in two healthy children until adolescence. Data were available from one female (7 -23 years) and her brother (0 -18 years), of whom early morning urine specimens were collected on an irregular basis throughout 18 years. In total, neopterin and creatinine concentrations were measured by high pressure liquid chromatography (HPLC) in 343 urinary specimens. In both children, concentrations of urinary neopterin were highest at study entry. With increasing age neopterin concentrations decreased continuously to reach rather constant levels around the age of fifteen years. On several occasions at which individuals presented with common sickness, mostly of infectious origin, neopterin concentrations were found highly increased. In the absence of such infectious episodes, neopterin/creatinine measurements of both individuals fit well to previously established normal ranges. However this was true only for specimens collcctcd when children were older than 10 years, before that age concentrations of neopterin were frequently found to be higher than the established upper limits of the normal range.
Introduction
Increased amounts of neopterin are produced by human monocyte-derived macrophages and dendritic cells upon stimulation with Thl-type cytokine interferon-γ (1, 2) . Accordingly, measurement of neopterin concentrations in body fluids like serum, cerebrospinal Huid or urine is useful in clinical conditions which go along with cell-mediated (= Thl-type) immune activation (3) (4) (5) .
In adults, urinary neopterin concentrations are related to creatinine content to take physiological variations of urine densities into account (6) . Urinary neopterin concentrations depend on sex and age, which is partly due to changes of creatinine clearance with age. In the first years of life, children of either sex present with the highest urinary neopterin concentrations and they decline until around twenty years of age to reach the more or less constant level of an adult (7) . During ageing neopterin concentrations reach a minimum at 35 -40 years and concentrations increase thereafter. In females urinary neopterin concentrations are higher than in males (3.6). Again, distinct creatinine excretion may explain the gender differences of the neopterin to creatinine ratios. This conclusion is further supported by the fact that no significant difference exists between serum/plasma neopterin concentrations in adults (8) . However, also serum/plasma neopterin concentration increase with older age.
This study describes the development of urinary neopterin concentrations in two children throughout adolescence. Essentially data confirm the behaviour of urinary neopterin concentrations as it is known from earlier cross-sectional studies. In specimens collected during the f : rst 7 years (available only form the boy) neopterin concentrations were frequently above the established upper limits of normal range for children. Data imply that these upper normal limits tend to be to low.
Materials and Methods
From two individuals, one female child and her brother, urine specimens were taken throughout 18 Attention was paid that at the time of collection any kind of illness was noticed in order to be able to distinguish neopterin concentrations obtained during healthy situations from other specimens. Urinary specimens were kept at 4°C until measured within 24 hours. 350.4 μπιοΐ/mol creatinine (S.D.: 271.6; range: 116 -1735). During the 18 years of follow-up a steady decline of neopterin concentrations was apparent in both individuals, and overlap of the two data sets shows thai measured neopterin concentrations in urines of the two children were almost indistinguishable ( Fig. 1) .
Results

During
At several occasions, infectious episodes were observed in both children. These were associated with fever, headache or vomiting and at most of them children presented with increased neopterin concentrations. However, infections were not verified serologically. When neopterin concentrations at these occasions were excluded from statistical analyses, average neopterin concentrations in the female (n = 119) were 171.7 pmol/mol creatinine (S.D.: 47.0: range: 105 -331 ), average neopterin concentrations in the male (n = 174) were 266.0 pmol/mol creatinine (S.D.: 166.9; range: 116 -650). A steady decline of neopterin concentrations with older age was apparent in both the children (Fig. 2) . Overlap of the two data sets show:; even more than with the crude data that measured neopterin concentrations in urines of the two ehiloicn were almost indistinguishable (Fig. 1) .
When grouping specimens according to 5 year-, intervals, in the female neopterin concentrations between 5 -10 years (mean ± S.D.: 266.3 ± 38.8 pmol/'mo! creatinine) were higher than those between 10-15 year;. (185.8 ±45.5 pinol/mol creatinine; U = 3.097, ρ <0.01 : Fig. 3 ). The same behaviour of neopterin concentrations was apparent in the male volunteer, concentrations in the first 5 years of life (440.1 ± 92.3 μιτιοΐ/ιρ.ο! creatinine) were higher than that between 5-10 years of age (320.5 ± 106.2 pmol/mol creatinine), and the latter concentrations were again higher than those between 10 -15 years (199.2 ± 40.0 pmol/mol creatinine). In both the children, no further difference of neopterin concentrations was observed between 10-15 and 15 -20 years (female: 152.5 ± 33.9 μιτιοΐ/mol creatinine; male: 154.0 ± 17.2 μπιοΐ/ιηυΐ creatinine) and 20 -23 years (available for female only: 157.5 ± 23.0 pmol/mol creatinine). Average neopterin concentrations in the younger age groups appeared to be lower in the female as compared with the male (Fig. 3) , however, differences were not statistically significant.
When comparing urinary neopterin concentrations obtained within this study with normal values available in the literature, it becomes apparent that concentrations in the two children were higher especially in the early years of life (Table 1) . Mean values in this study approach the published ones only at an age older than ten years. In detail, 6 out of 7 specimens (86%) in the age group <3 years contained neopterin concentrations above the currcnt upper limit of normal = 432 μιηοΐ/mol creatinine, and 16 out of 38 specimens (42%) in the age group 3 -<7 years had neopterin concentrations above 405 μπίοΐ/mol creatinine, but 68/68, 65/65 and 81/81 neopterin concentrations in the age groups 7 -<11, 11 -<14 and 14 -<18 years were within the respective upper limits of normal (-387, 323 and 320 pmol/mol creatinine).
Discussion
This study shows successive decline of urinary neopterin concentrations in two healthy children throughout several years of follow up. The agedependent decrease of urinary neopterin concentrations agrees well with observations described in the literature (7). However, the average concentrations of urinary neopterin found in this study until the age of 10 years were considerably higher than the established normal values. In particular within the first three years of life, only one out of six specimens was found to lie below the upper limit of the normal range. This is astonishing because urine specimens obtained during periods where the boy felt sick or showed symptoms of infections like fever were excluded. The frequency of specimens collected during infectious episodes was relatively high because of special interest in detecting elevated neopterin concentrations during such periods.
Alst) until the age of 7 years, a high percentage of specimens contained neopterin concentrations above normal. From that age on, all measurements revealed results within the defined normal range, either of the female or of her brother. Thus, it appears that the normal range for children younger than 7 years, as it was defined earlier (7), might be too low. However, it might well be that other background might have influenced neopterin concentrations in the boy. Unfortunately, urinary specimens of his sister were not available from this early period of childhood.
No difference was observed between neopterin concentrations measured in the female child as compared with the male. However, this particular study is not well suited to address the question of a possible influence of gender on urinary neopterin excretion in children.
Decline of neopterin concentrations with increasing age could have several reasons. On the one hand, change of urinary creatinine excretion may be important, because urinary neopterin concentrations were expressed as pmol/mol creatinine. Thus, an increased renal clearance with increasing age may slow-down neopterin to creatinine ratios. However, changes of creatinine excretion levels may not be solely important for this observation, because also serum/plasma neopterin concentrations are found to be higher in children than in adults, but the difference between serum neopterin concentrations in children aged around 2 years (6.05 ± 3.1 and 6.0 ± 3.8 nmol/L; refs. 10, 11) and adults (3, 8) was comparably small. Besides, increasing age could influence not only clearance of creatinine but also clearance of neopterin. On the other hand, the immunobiological background of neopterin formation could be important. Increased amounts of neopterin are produced by human monocyte-derived macrophages and dendritic cells upon stimulation with Thl-type cytokine interferon-γ (1,2). Accordingly, measurement of neopterin concentrations in body fluids like serum, cerebrospinal fluid or urine is useful in clinical conditions which go along with cell-mediated (= Thl-type) immune activation (3) (4) (5) . Alternatively, interferon-γ is also deeply involved in innate immune response (12) . Thus, higher neopterin concentrations in early childhood may relaie io activation of immune response involving adaptive and/or innate immune response. Presumably, either type of immune response will be challenged frequently in the early years of life when the human organism is exposed to several pathogens for the first time (13) .
